Results and discussion
The NNGL extract fouled the membrane severely and the fluxes were very low compared to that with pure water. The flux halved in an hour even at the low transmembrane pressure. Fouling seemed to arise from solutes adsorbed in the membrane pores rather than from cake build up on the membrane. The fluxes were lower at 80°C than at 40°C, especially at high pressures. This was unexpected since the liquid viscosity decreases with increasing temperature. The membrane behaved normally when increasing the temperature but filtering pure water. Increasing temperature increased fouling tendency when filtering NNGL extract possibly due to increased movability of foulants in the membrane. The temperature also worsened somewhat the permeate quality.
VTT TECHNICAL RESEARCH CENTRE OF FINLAND www.vtt.fi Background
In an Integrated Forest Biorefinery (IFBR), biofuels and chemicals are economically produced together with traditional products such as pulp and paper. One promising version of the IFBR is the so called Near-Neutral Green Liquor (NNGL) process. It involves pre-extraction of hemicelluloses with green liquor from hardwood chips prior to conventional alkaline pulping, so that the extracted wood polymers may be used for production of biofuels and chemicals. Green liquor charge and extraction operating conditions affect the pulp yield but also the characteristics of the extract, and thus its filtration properties. In this research ultrafiltration of the NNGL extract was studied for the separation of hemicellulose polymers. Table 1 . Characteristics of the feed for membrane filtration.
The 5 kDa ceramic membrane was adequate for the retention of hemicellulose polymers, which in all cases was over 90%. Organic acids, such as acetic acid, passed through the membrane. Hemicellulose polymers and lignin seemed to be covalently linked together. However, the retention of soluble lignin was a little less, 70%. The effect of pressure on permeate quality was minor.
The extract was filtered using a ceramic multi-tubular membrane (Kerasep, 19 channels) with cut off of 5 kDa and membrane area o f0 . 2 5m 2 . pH resistance of the membrane is 1-14 and the standard process temperature 80°C. The effect of temperature on filtration performance was studied in the area of 20 -80°C. The flux increase using increasing transmembrane pressure was studied up to 4 bar. The cross flow velocity was 3 m/s (2.7 m/s -3.2 m/s).
pH 5.0+0.1 Particle size, av.
240+30 nm Zeta potential in permeate -6+2 mV Zeta potential in water -25+2 mV Dry solids matter 3.0+0.1% 
Conclusions
Membrane filtration of a NNGL extract having a pH of 5 and low zeta potential values produced low fluxes when using a ceramic membrane with pore size of 5 kDa. Increasing temperature even worsened the situation. Retentions of hemicellulose polymers were good. Organic acids passed through the membrane.
